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Abstract 
With the intention to be used in preparation and review during class, digital teaching materials corresponding to a class on 
introductory statistics were created in PDF format on the Moodle learning management system. Data regarding the use of the 
digital teaching materials in the weekly class, such as the date and time, student ID number, and page view history(for example, 
the page title) were collected. Via the cross table of the page view history of digital teaching materials, was revealed when 
materials were opened by students in the class, and from analysis of the page view history there were many students who opened 
the digital teaching materials that the teacher did not instruct them to open.  
It is possible to identify these students, when and which digital teaching materials were accessed, by the time series data via 
cross table. Furthermore, we were able to identify cases in which materials were opened by students at a later time than that 
instructed by the teacher from the time series analysis of the page view history during class. This information can serve to 
improve instructions given to students in future classes. 
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of KES International. 
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1. Introduction 
The active digitization of teaching materials in the field of education as well as the utilization of digital teaching 
materials in lessons has been widely practiced in recent years. Furthermore, the accumulation of learning history and 
the study of educational data mining to assist course management and improve teaching have been actively practiced 
around the world1). 
With the intention to be used in preparation and review during class, digital teaching materials corresponding to a 
class on introductory statistics were created in PDF format on the Moodle learning management system. Data 
regarding the use of the digital teaching materials in the weekly class, such as the date and time, student ID number, 
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and page view history (for example, the page title) were collected. Use of the page view history, which describes 
which digital teaching materials were opened and when students opened them during class, was cross tabulated as 
time series data in list format using Excel.
In addition, we have created a cross table of the time series by collecting data on the number of students, viewing 
time, and digital teaching materials the teacher used in class and materials the teacher did not use.  
From an analysis of the page view history, there were many students who opened the digital teaching materials 
that the teacher did not instruct them to open. It is possible to identify these students, when and which digital 
teaching materials were opened, by the time series data via cross table.  
Furthermore, from the time series analysis of the page view history during class we were able to identify cases in 
which materials were opened by students at a later time than that instructed by the teacher. This information can 
serve to improve instructions given to students in future classes. 
1.1. Related research 
As summarized in ROMERO’s paper(2007a), digitizing materials such as conventional paper texts and quizzes 
and then posting them on an e-learning system makes it possible to collect learning history useful for improving 
teaching methods from various viewpoints, such as by page view history and test results2). Also, the development of 
new methods for increasingly more effective training was expected by means of targeting the learning history 
accumulated and applying data mining techniques to finding data, leading to improved teaching3). 
In order to clearly understand the effects of materials and motivation when addressing class improvement, 
collecting learning history accumulated early via e-learning systems is an important issue to be analyzed. In past 
lessons of blended learning, numerous studies were carried out as a result of the analysis of page views and the 
scores of quizzes that corresponded to materials and teaching evaluation questionnaires4). 
ROMERO(2007b) et al. also classified trends of data mining in the field of education, such as in statistical 
analysis, visualization, and text mining, and investigated the various methods that have been attempted. Furthermore, 
it has been shown that using learning history in Moodle to classify learners with features from the results of mining 
can be applied to improve the educational effects of data mining5).  
However, in the study of previous learning history, studies using the time series cross table we have proposed in 
this paper is extremely small. 
In addition, Google Analytics provides a wide-access website analysis service that makes it possible to analyze 
different perspectives. With the help of these services, it is also possible to help improve digital teaching materials 
and lessons6).   
Although Google Analytics can be used only administrator of Moodle, however, the method proposed in this 
paper can be utilized anyone Moodle user. 
2. Digital teaching materials in PDF format and page view history 
     Table 1. Table of Contents of the digital teaching materials (2014 fall semester) 
Chapters Number of PDF files Pages 
1 Excel Introduction 1 7 14 
2 Excel Introduction 2 8 4 
3 How to calculate 9 9 
4 Social research and statistics 11 10 
5 Probability and probability distributions 11 14 
6 Frequency distribution table and histogram 8 9 
7 Deviation, variance, standard deviation 6 10 
8 Normal distribution, deviation value 6 11 
9 Discrete variables and cross table 8 13 
10 Attribute correlation 9 12 
11 Correlation 1 12 8 
12 Correlation 2 12 9 
13 Regression analysis 9 13 
14 Random numbers and simulation 8 8 
15 Conclusion, final exams   
Total 124 154 
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2.1. Overview of the class 
This study investigated a class titled “Introduction to Social Data Analysis,” a class corresponding to the blended 
learning model and that was performed while viewing digital teaching materials on Moodle in traditional face-to-
face teaching. Files were created in PDF format, a format that can be viewed via PDF Viewer by clicking on a link 
in the table of contents that we created in the Moodle topic format.  
The contents of the digital teaching materials contain a commentary concerning introductory statistics, using 
Excel and related exercises. The digital teaching materials contain information from approximately 154 B5-size 
pages including figures and were converted into 124 PDF files (Table 1). The aim was to learn the basic techniques 
required for the analysis of statistical data in the classroom while actually using Excel. 
2.2. Page view history and  outline of the data processing 
This study used the Moodle topics format to identify a link for viewing the PDF file or external referrer and 
displayed a page title as a heading for the resource. 
 In the Moodle log report page, a record was kept of students’ learning history from enrolment and the first lesson 
conducted. Information detailing the time resource pages were viewed, the accessed PC’s IP address, student ID and 
name, the operations performed on Moodle, and the resource page title opened by students was stored in a table 
which could be viewed (Fig. 1). 
 
Fig. 1. Example of the page view history (Excel format). 
In the log file downloaded from Moodle, there was sometimes a lack of data (for example, there was no title data 
for the resources that was accessed, etc.). Moreover, the date and time are described in the same column, since it is 
inconvenient to process and perform data cleaning before performing the analysis.  
In the following analysis, sample data from the page view history concerning date, month, viewing time, student 
ID, the title of the digital teaching materials was used. And these were aggregated mainly used the statistical 
functions or the cross table functions of Excel (Fig. 2). 
The performance of the lesson was carried out by the teacher (who instructed the viewing of digital materials that 
were prepared in advance) and the teacher logged in to Moodle from the teacher’s desk. Students logged in at the 
start of classes. Thus we have to also record page view history of teacher at the same time leave the page view 
history of students. 
Therefore, we separates the lesson into time intervals of five minutes and then created a time series cross table 
from the number of the viewing time and the page views of each of the digital teaching materials. We also created a 
time series cross table from the viewing time and page views of each of the students. 
In this study, we published all of the digital teaching materials (124 files) that were created. Students were able to 
view the materials that were used on the day of the class. Moreover, students were able to read ahead and view 
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materials to be used in future lessons. Also students can be used as a review material. From the perspective of 
teacher, when doing a lesson at the teacher's desk it is often difficult to know whether each student is viewing the 
digital teaching materials in accordance with the instruction. In addition, when look around the classroom, students 
can open the materials that have not been instructed by the teacher in the lesson, also some students are open late. 
Therefore, we distinguished between the materials used in the lesson and the materials not being used in the 
lesson by the teacher. In this paper, the digital teaching material that was used, it refers to the materials opened by 
the teacher for the lesson on the day. Also the unused materials, it refers to the digital teaching materials opened by 
students that were not used by the teacher during the lesson on the day (Fig 2). 
 
Fig. 2. Outline of the data processing using Excel. 
It shows from Moodle log, the steps to create the time series cross table using Excel as follows, also shows 
examples of Excel files with the additional data (Fig. 3). 
 
Fig. 3. Examples of Excel files with additional data.  
Step 1: Specify the school day that you want to tabulate, and download the Moodle log in Excel format 
Students’ log 
Used materials’ log 
Unused materials’ log 
Moodle Page view history 
Data cleaning 
Modified time data 
Topic mode Teacher’s log 
PDF files㻌
Cross tables & graph㻌
Cross tables & graph㻌
Cross tables &㻌graph㻌
Excel㻌
Download 
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Step 2: Keeping the data of lesson time, to be deleted outside the lesson time (Filter function) 
Step 3: Extracting the time in text format from the date (Text function, yy/mm/dd hh:mm:ss Ѝ h:mm:ss) 
Step 4: Extracting the page view history of teachers (Filter function) 
Step 5: Add a time data. For example, 1- to 5 minutes intervals, etc. (If function)  
Step 6: Use the page view history of the teacher, to separate the data in used materials and unused materials  
(Filter function) 
Step 7: Using a Pivot Table function 
Step 8: Tabulating time series cross table in class used materials 
Step 9: Tabulating time series cross table in class unused materials 
3. Viewing the digital teaching materials in class and time series analysis 
Learning history that is the subject of this paper was collected in a scheduled class taking place in the fall 
semester of 2014 at Aichi University (Table 2). Class took place on Wednesdays and a total of 15 lessons were 
conducted during the weeks from September 17, 2014 to January 7, 2015. The number of registered students was 61.    
Table 2. Page views status in the 2014 fall semester. 
Log collection duration 17/Sep/2014 – 29/Jul/2015 
Enrolled students 61 
Total number of page views 29662 
Total number of 15 days page views 21594 
15days average within a class 1439.6 
15days average per student  392.6 
3.1. Time series analysis of the digital teaching materials that were used 
We created a time series cross table from the page view history of digital teaching materials accessed on 
September 17, 2014, the first class of the fall semester.  
On that day there were 47 students in attendance. Students opened the enroll page and the entry page of Moodle 
in the classroom and used additional 7 PDF files teacher has instructed (Fig. 4). 
 
Fig. 4. Teahcer’s page view history (Introduction to Social Data Analysis , 2014/9/17) 
Figure 5 was tabulated based on the number of students that opened the digital teaching materials. 13:00 marks 
the start of the lesson, and there is an increase in number between columns 13:10 through to 13:15. At the beginning 
students opened the enroll page for the class, and then the entry page was opened.  
Looking at the rightmost sum of Figure 5, there is a smaller number of attendees (31-44), indicating that students 
who did not view the digital material were present (Fig. 5). 
In Figure 6, columns 13:30, 13:35, 13:40, 13:45, 14:20 display increased values, indicating the time that the 
teacher instructed students to open the digital teaching materials. Students who delayed their viewing of the digital 
teaching materials can be seen in column 13:20, 13:25, 13:50 etc.. At 14:20, 24 students opened the same materials 
(Fig. 6). 
 
2014/9/17 Teacher's  page view his tory
2014/9/17 13:10:22 192.168.14.146 tes t teacher cours e enrol (http://lmC ours e enrol
2014/9/17 13:10:22 192.168.14.146 tes t teacher cours e view (http://lmS oc ial data analis ys
2014/9/17 13:28:36 192.168.14.146 tes t teacher res ource view (http://F unction the name has  been changed in E xcel2010
2014/9/17 13:32:18 192.168.14.146 tes t teacher res ource view (http://1.0 E xcel Introduction
2014/9/17 13:34:30 192.168.14.146 tes t teacher res ource view (http://1.1 S tarting and ending of E xcel
2014/9/17 13:36:38 192.168.14.146 tes t teacher res ource view (http://1.3 S c reen s tructure and the function
2014/9/17 13:41:12 192.168.14.146 tes t teacher res ource view (http://1.4 Data input and data proces s ing
2014/9/17 13:59:04 192.168.14.146 tes t teacher res ource view (http://1.5 B as ic  operation with works heet
2014/9/17 14:19:02 192.168.14.146 tes t teacher res ource view (http://1.7 Text and input a figure
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Fig. 5. Time series cross table of page views by each of the digital teaching materials that were used in the class (Introduction to Social Data 
Analysis , 2014/9/17). 
 
Fig. 6. Time series cross table of page views by each student of the digital teaching materials that were used in the class (Introduction to Social 
Data Analysis , 2014/9/17). 
2014/9/17 Time(5 minuts  intervals )
S tudent ID 13:10 13:15 13:20 13:25 13:30 13:35 13:40 13:45 13:50 13:55 14:00 14:05 14:10 14:15 14:20 14:25 Total
00x001001 2 1 1 2 1 1 1 9
00x001002 2 2 1 2 1 1 9
00x001003 2 1 2 3 5 1 14
00x001004 2 3 1 6
00x001005 2 2 1 3 1 4 1 2 16
00x001006 2 1 1 1 5
00x001007 2 1 1 2 6
00x001008 2 1 1 1 2 1 1 9
00x001009 2 1 4 2 1 1 11
00x001010 2 1 1 1 5
00x001011 2 1 1 1 1 1 1 1 1 10
00x001012 2 1 1 2 1 1 8
00x001013 2 1 1 1 1 1 1 1 1 1 11
00x001014 2 1 1 1 5
00x001015 2 1 2 1 1 1 1 9
00x001016 3 1 2 1 2 9
00x001017 2 2
00x001018 2 3 4 9
00x001019 2 1 3
00x001020 2 2 2 1 1 1 1 1 11
00x001021 2 1 3
00x001022 2 3 1 1 1 8
00x001023 2 1 2 1 1 7
00x001024 2 2 4 1 9
00x001025 2 4 2 1 1 2 1 13
00x001026 2 1 1 2 1 1 1 9
00x001027 2 4 3 1 1 11
00x001028 2 2 1 1 1 5 1 2 15
00x001029 2 1 1 1 1 1 2 2 11
00x001030 2 2 1 2 1 2 5 15
00x001031 2 1 2 1 2 1 1 10
00x001032 2 1 1 1 5
00x001033 3 1 3 1 1 2 9 20
00x001034 2 2 2 1 1 8
00x001035 3 1 4
00x001036 2 2 1 2 1 1 1 10
00x001037 2 1 1 1 3 1 9
00x001038 7 1 1 2 2 1 1 4 1 20
00x001039 2 1 1 4 2 1 11
00x001040 2 5 3 2 3 2 1 4 22
00x001041 2 1 2 1 1 1 1 9
00x001042 2 1 1 2 3 2 1 1 13
00x001043 2 1 2 1 1 1 1 9
00x001044 2 1 2 1 1 1 1 1 10
00x001045 2 1 2 1 1 1 1 9
00x001046 2 1 2 1 1 7
00x001047 2 1 2 1 1 1 8
Total page vie 52 58 6 9 61 65 66 32 3 13 22 11 6 17 27 4 452
Total s tudent 25 26 4 6 39 40 37 29 2 5 18 7 5 9 24 1 47
2014/9/17 Time(5 minuts  intervals )
R esource na 13:10 13:15 13:20 13:25 13:30 13:35 13:40 13:45 13:50 13:55 14:00 14:05 14:10 14:15 14:20 14:25 Total
C ourse enrol 25 22 47
S oc ial data a 26 33 3 5 3 1 2 1 1 1 76
F unction the  1 49 3 1 54
1.0 E xcel Intr 1 3 2 5 44 1 1 57
1.1 S tarting a 1 1 2 13 20 1 1 39
1.3 S creen s  1 1 39 2 1 44
1.4 D ata inpu 1 2 3 29 1 3 2 2 6 49
1.5 Bas ic  ope 2 2 1 2 6 20 5 3 11 1 2 55
1.7 Text and  1 1 1 2 25 1 31
Total page vie 52 58 6 9 61 65 66 32 3 13 22 11 6 17 27 4 452
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Also, at the rightmost sum of Figure 6, it can be seen that less page views (2-3) and that more page views (22). In 
the classroom, the teacher manipulated the computer at the teacher's desk and displayed the digital teaching 
materials on the projector. Therefore, the number of students viewing the digital teaching materials is smaller 
because they were looking at the projector screen while listening to the teacher’s instruction; i.e. they received the 
lesson without opening the digital teaching materials on their own PC (Fig. 6). 
3.2. Time series analysis of the unused digital teaching material 
In this study, there were cases in which students opened digital teaching material that the teacher did not use in 
class, and this information was also recorded. The digital teaching materials that the teacher did not use in class, the 
title of the materials, the number of page views, and the opening times were cross tabulated in a time series and 
investigated to see whether there was a trend. 
 
Fig. 7. Time series cross table of the page views of each digital teaching materials that were unused in the class. 
As seen in Figure 7 and Figure 8, at 13:40 14 students opened and viewed the digital teaching materials for the 
“Saving and loading of files.” This digital teaching material was postponed in the description, and there is a high 
possibility that the teacher's instructions were not clear. Referring to the data at the bottom of Figure 7, it can be 
seen that some students were pre-maturely accessing exercises designed to be performed at the end of the chapter 
(Fig. 7, 8).  
Looking at Figure 8, there is a value of 30 in the column of 13:15. When this was confirmed by page view history, 
this student opened the profiles for the “Participants” one after another (Fig. 8). 
 
 
 
 
 
2014/9/17 Time(5 minuts  intervals )
R esource name13:10 13:15 13:20 13:25 13:30 13:35 13:40 13:45 13:55 14:00 14:05 14:10 14:15 14:20 14:30 Total
P artic ipants 1 1
1.10 F ramework 1 1 2
1.11 P rint 1 1 2
1.12 D ownload  1 1 1 3
1.13 Integration  1 1
1.2 S aving and l 1 1 14 1 17
1.6 C reating a g 1 1 1 2 1 6
1.8 Movement o 1 1 1 3
1.9 D ata format  1 1 1 3 1 7
P artic ipants 1 1
P artic ipants 1 1
P artic ipants 1 1
P artic ipants 1 1
2.0 Table calcul  1 1 2
2.1 C alculation o 1 1
2.2 Arithmetic  o  1 1
3.4 P opulation a 1 1
C hapter 4 P repa 1 1
6.0 D eviation, va 1 1
6.3 Variance 1 1
8.4 E xpected fre 1 1
News  F orum 1 1 1 3
E xerc ise 1 1 6 5 1 1 1 1 1 3 1 21
E xerc ise 5 1 1
R ecent activity  1 1
P artic ipants 2 44 3 7 5 61
S tatis tics  Burea 1 1
Total page view 3 55 12 18 3 12 15 4 2 3 4 4 6 1 1 143
Total s tudents 2 12 5 8 3 8 2 4 2 3 4 2 3 1 1 27
1039 Konomu Dobashi /  Procedia Computer Science  60 ( 2015 )  1032 – 1040 
Fig. 8. Time series cross table of page views by each student that were unused in the class. 
3.3. Time series graph 
Figure 9 is a time series graph of the class held on 2014/9/17. It displays the data corresponding to the number of 
students who viewed digital teaching materials unused in class as a negative value in an easy-to-understand format. 
Fig. 9. Time series graph of students who viewed the used materials and who viewed unused materials in class (2014/9/17). 
47 attendees 
2014/9/17 Time(5 minuts  intervals )
S tudent ID 13:10 13:15 13:20 13:25 13:30 13:35 13:40 13:45 13:55 14:00 14:05 14:10 14:15 14:20 14:30 Total
00x001001 5 1 3 3 12
00x001002 1 1
00x001003 2 2
00x001004 1 7 8
00x001005 2 1 1 4
00x001006 5 1 1 7
00x001007 1 1 2
00x001008 1 1
00x001009 1 1
00x001010 1 1
00x001011 1 1
00x001012 1 1 2
00x001013 3 3
00x001014 3 3
00x001015 2 1 1 4
00x001016 7 7
00x001017 2 2
00x001018 4 1 5
00x001019 1 1
00x001020 1 1
00x001021 1 1
00x001022 1 2 1 1 1 2 4 12
00x001023 2 2
00x001024 1 1
00x001025 1 1 2
00x001026 6 6
00x001027 2 30 2 7 1 3 45
00x001028 1 1 2
00x001029 1 1
00x001030 1 1
00x001031 1 1 2
Total page view 3 55 12 18 3 12 15 4 2 3 4 4 6 1 1 143
Total s tudents 2 9 4 9 2 4 14 2 2 2 1 1 4 1 1 31
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From this graph it can be seen that in spite of the 47 students who attended there are more than a few students 
who do not open the designated digital teaching materials (Fig. 9). 
Figure 10 is a time series graph of the 2014 fall semester. The number of students who opened the digital 
teaching materials that were used in the class is the same as the number of students who attended on that day. 
Concerning the number of students who viewed unused materials, the numbers were nearly more than half of the 
students on any given day’s lesson, with the exception of 10/1 and 11/5 (Fig.10). 
Fig. 10. Time series graph of students who viewed the used materials and who viewed unused materials in the class (fall semester, 2014). 
4. Conclusion and future work 
When the description and instructions of the teacher are thorough, more students will open their own digital 
materials on the computer and there is a tendency towards shorter differences in viewing start times. 
If the teacher's instructions are not clear, variations occur in the time at which the student views the digital 
teaching materials, and a tendency toward delayed viewing of the digital teaching materials appears in the time 
series data. When such a case happens, the teacher needs to think out a way of indication. Also, students found it 
increasingly difficult to concentrate in the latter half of each class; therefore, a tendency towards delayed viewing of 
the digital teaching materials can be seen. 
The number of students who viewed the digital teaching materials used in class appears to have been at a 
substantially constant level without significant change throughout the 15 times the class took place. In contrast, there 
is a large difference in the number of students who viewed unused digital teaching materials. This seems to be 
related to teaching method and the contents of the lesson in question. If there are many students who view unused 
digital teaching materials there is a risk that they are not focused on the lesson at hand. 
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